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Abstract : The study aims to investigate the mechanical degradation of the PEM material in PEMFC under hygrothermal
loads. The PEM experiences repeated cycles that include bolt assembly, exposure to maximum operating relative humidity
(RH) and temperature, before returning to ambient RH and temperature. Tensile residual stresses are observed in the middle
part of the channel where plastic deformation occurs. These residual stresses may be a result of repeated swelling cycles. The

tensile components of hydrostatic stress in the middle of the channel may suggest that the material is experiencing both

tensile and pressure-induced stresses. Tensile hydrostatic stress may contribute to the formation of crazing. The risk of

fatigue failure may increase when the PEM undergoes repeated cycles of stress with increasing amplitude. It appears that
in-plane stress components have a larger stress amplitude, and are considered as primary contributors to fatigue failure in the

PEM.

Key words : Finite element analysis(-F3F.2.4~3l4]), Proton exchange membrane( /3 A} ul 34}, Fatigue failure(] = 1}
£2), PEMFC(AL 82} A&l & A & A A]), Hygrothermal load(57%/ & 5}%), User subroutine(A}-8-A4] B &)

.M2

JAF A3 o &1 %] (Polymer Electrolyte Membrane
Fuel Cell, PEMFC)<= 7|& w1712 A& A1 = Q)
= AR 717]0]th A=A ZEwgel A a1
sfjof & 8 AT F 8-S 9-9] U X (Power density), A2} H]
4(Cost), -4 (Durability) 5ot} 715 A5 H =] 2] 4
A Y74 A= A8dA] 710 2ps ko] A7) s
(Long-term performance) -f-<| ol 24421 @ 4ot}

717 ¥-215+(Gas Diffusion Layer, GDL), = 3(Bipolar
plate), B =% g4l (Membrane Electrode Assembly, MEA)
= AEA A A A Ao F8 3 bt aF
FASHEA = d5dAe] A4 A FoI Fuis
(Catalyst layer), 7|32, Wd A} 13 (Proton Exchange
Membrane, PEM) 2.2 A E o] it} Ak o 2 A}-8-5]
= PEM<2] A &= DuPont jit 2] PFSA(Perfluorosulfonic

“Corresponding author, E-mail: cyang@anu.ac.kr

acid) NAFION"o]t}.? 24 55 kA 9] F1tel| 91 PEM
= Y AKProton) & =M S5O0 =2 A UHA s A
7] {-%Z=A|(Electronic insulator)®} 7}~ |9t o 29| o
& g

PEM 2132} sl d A5 A9 s ol 9
e 7= WA A FeIth AERHAAY TS
A3t7] YAl ol71 %] &gk PEMO] 27 9k=5 3
g AR A3FS B o 2 gk WA
& A7 Fasith AndA AE ol PEMS S,
7ol A =, A7]s48) vk, ejal whgol 9]l
A o] Aol ;=¥ tt. 31814 A 3K(Chemical degradation),

71414 4 3KMechanical degradation)”} 4 &+ PEM-> 3}
& 7V ol Siste] AudA WS AT
sheh] Asb= Whg 7H=0] R (Permeation), <47

(Hydroxyl radical), #}54}7](Hydroperoxyl radical) -

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License(http://creativecommons.org/licenses/by-nc/3.0) which
permits unrestricted non-commercial use, distribution, and reproduction in any medium provided the original work is properly cited.

459


https://crossmark.crossref.org/dialog/?doi=10.7467/KSAE.2024.32.5.459&domain=http://journal.ksae.org/&uri_scheme=http:&cm_version=v1.5

2] 7] (Free radical)2] ©]-&(Migration)®ll 2]l Az} = 1t
sz Aoz duiA Ak 71AA dshe= Az A
T LA 7 e A3 Bl AS o, Foll

A 5 Qe 2o 27 7hx gl LEAE
v 2 59 Sl olate] A = kD
A 24 ] PEME 31e14/71 A4 A3} s Al

o

s

._1

uAYste] ZH45EhETEY 5181 A8k PEMS] Wl 7
Sl A, FAS 712A17] 3 MR oI% 717
%) g-2fo] olo] A8¢ wl 22 5 ¥ E(Pinhole)o] 4
] o] 1ol 7h0] AT 2 B8FA Ago] Hsie
SEEEREE R ER

PEM-& E#E AAE A5 A A ol 9138k
W3} = AbolZel o]ste] Wi(In-plane) 2} A
Q(Out—of-plane) Wekow AWAFSo] Yehdth %

T EEs Ao BAE = i AR I S EHe
PEMolAMe] =12 vk Qolo] & & glow I

o] % (Tearing), PEM¥} Zvulj5 Apo] 2] whg]
= 71AIAR1 a5l o3

(Crazing),
(Delamination) &&= W
}\g ] EJ }\l]q_ 6,7)

PEMS] 3hé 9173
SlEela vt B,
q__S) i | 3:0]1,]_ ﬂaﬂo] F=2 Hlﬁlq
BFE-9] A = (Low compressmn)C’] Ll
B 53 EAoIA et
et Y pEME] I AL in-situ L]— ex-situ
o] £i31 Afo] 2 Wk A FA Lhek o]
=128 PEM thi& whe} Zdups o} A= 7k
o s s

A A= P

>
2

A=A A

%
off

o

RO

i
Ei‘hﬁmﬁ

ST
o &

*3

g oo i Jo HU
=

. 1% O ol

O

)

o?L oﬁ

oM 2 ©

tu <+
K
l’—;

0

Fe B } 1
o3 A5 28T I
PEME] 7| A4

&8 W HAYS
7doll B3 W-8-E v Zloltt. 32k BEle ARg-sthe] 2
HY) ubeke] W o5k of ka Al Y)o] FEAE 7o) A
= 210l 2% F3 AF8-o] = Hrlsk AL Alk=st
St} ol#f gk A= 3 = 2(Global model) 314 - -
5. dl(Sub-model) S AH&-3H= WH S ARE-SF AL A g
WY 71E Aol s ek ekl

A o] A7]ek <l o] Hhgo] o
A S 7k ol thgk 4

gl

3}

gl

7}

I

4
Z13Y

O
i e
% R =3

A HAe] 290w = HYPERMESH, 3§

RSB R =28 A3n2A As5Z, 2024

ABAQUS?E ALg-3te] A2 21 d3k3ict

2. PEMFC 2%

T A€ 2

g 3o Am el ALS

0]’0% e
‘jr(Flg D). X]"" oi:lloﬂ*

EYRE LY 2
9] ZH%%*J% 22+
FER

i
&
S
[
2

o Ir

18 oz

> 091:

FE ﬂllo

o i
x KX

=)

op X
oy

i)
2

il
Im o

o O 32 2
Lo o B >
(i

o o ot S T orE

o
it

& ot ®edE
ettt WA, PEMO] 83y
?l—lﬂ—ﬁ 7}xg 3913 GDLe] A&
3L PEM] Ajs R
2(Nonlinear elastlc—plastlc) S A =8k
AES (IS, 23 BE) A3 B84

S ek 70

e

2

¢

R

o 7Loke] A
5 9(Linear-elastic) S 74 3} o). Zuf
D=2 PEMel| X3}t esksiii=g

AEAA] ~E A7F gk TFmOE o]
oA erz 1 577t F7FskAl ®ek'? 1/4 2-8)

no=w
1K} =
HET: T

%]

L

el
A=l
_]
=

Fig. 1 Assembled quarter 3D model of PEMFC stack
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Fig. 3 Description of PEMFC model. (a) Global model
(b) 1st cell layer of the stack (¢) Sub-model
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Table 1 Elastic modulus of nafion 112 at various temperatures
and relative humidities®”

Elastic modulus [MPa]
Temperature Relative humidity
30% 50 % 70 % 90 %
T=25°C 197 192 132 121
T=45°C 161 137 103 70
T=65°C 148 117 92 63
T=85°C 121 85 59 46
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Table 2 Yield stress at various temperatures and humidities for Nafion 112'¢

Yield Stress [MPa]
Temperature Relative humidity
30 % 50 % 70 % 90 %
£ 5=0.0 6.61 £ 5=0.0 651 £ p=0.0 5.66 £ p=0.0 420
T=25°C e ;=0.05 7.16 € n=0.05 6.61 € =0.05 6.22 € ;=0.05 5.11
e =025 9.71 e =0.25 9.26 e =0.25 8.65 e =0.25 8.88
£ »=0.0 5.67 £ »=0.0 521 € p=0.0 5.01 € p=0.0 332
T=45°C e ;=0.05 5.7 e =0.05 5.72 € =0.05 5.43 € ;=0.05 3.69
e =025 7.31 e =025 7.34 e =0.25 7.48 e n=0.25 6.18
£ »=0.0 5.14 £ »=0.0 458 € p=0.0 4.16 € p=0.0 298
T=65 °C e ;=0.05 5.30 e =0.05 4.77 € =0.05 4.36 € ;=0.05 3.33
e =025 6.55 e =0.25 5.92 e n=0.25 5.73 e n=0.25 5.78
£ »=0.0 3.61 £ »=0.0 344 € p=0.0 3.08 € p=0.0 2.20
T=85°C e ;=0.05 4.16 € n=0.05 3.62 € =0.05 3.16 € ;=0.05 2.26
e =025 5.04 e =0.25 4.28 e n=0.25 422 e n=0.25 431
Table 3 Coefficient of thermal expansion and swelling ] Table 33} Fig. 40 A3k
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Table 4 Piecewise polynomial fitting model of the out-of-plane
direction non-linear behavior of GDL*”

Region Polynomial fitting (MPa) Domain
Small strai
At SR 245.006245.876+1.42 0.135<e<0
hardening
Constant
onstan 14.175 047<e<-0.135
modulus
L. trai
AECSIAIN 33 93¢2.8.700+2.84 £ <047
hardening
Symmetrical
Tensile © c.:a e>0
(even function)

Table 5 Material properties of GDL used for simulation®”

Elastic modulus [MPa]
E, E, Gyy Gy, (€
0.3 0.9 Table 4 0.15 9.2 9.2

Table 6 Material properties of bipolar plate, end plate & bolt

used for simulation'®

Bipolar plate End plate Bolt
E [MPa] v E [GPa] v E [GPa] v
10 0.25 69 0.33 209 0.28
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Fig. 5 Comparison of displacement in x-dir (step 3).
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